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6,11-dione derivatives as telomerase inhibitors and potential for cancer
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a b s t r a c t

A series of anthra[1,2-d]imidazole-6,11-dione derivatives were synthesized and evaluated for telomerase
inhibition, hTERT expression and suppression of cancer cell growth in vitro. All of the compounds tested,
except for compounds 4, 7, 16, 24, 27 and 28 were selected by the NCI screening system. Among them,
compounds 16, 39, and 40 repressed hTERT expression without greatly affecting cell growth, suggesting
for the selectivity toward hTERT expression. Taken together, our findings indicated that the analysis of
cytotoxicity and telomerase inhibition might provide information applicable for further developing
potential telomerase and polypharmacological targeting strategy.

Crown Copyright � 2012 Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

The anthracycline antibiotics daunorubicin, doxorubicin,
mitoxantrone and ametantrone have been shown to process strong
antiproliferative properties and clinically used to treat various
cancers for many decades (Scheme 1) [1]. Recent studies illustrated
anthracycline antibiotics might interrupt telomere maintenance
through interfering the targeting of telomerase onto telomeres [2].
Telomeres are guanine-rich DNA sequences coated by specialized
proteins at the terminal ends of eukaryotic chromosomes [3,4]
which consists of hexameric TTAGGG repeats sequences in

human cells [5]. Telomerase is a ribonucleoprotein that consists of
a catalytic subunit (human telomerase reverse transcriptase, hTERT)
and a template RNA (human telomerase RNA component, hTERC) to
add telomere repeats to the 30 single-strand overhang [6]. Exten-
sion of telomeres by telomerase is required for un-limited prolif-
eration of most of the immortal and cancer cells [7,8]. The
important roles of telomerase in cellular immortalization have
made telomerase as a potentially molecular target for cancer
therapeutic discoverywhichmight haveminimal side effects [9,10].
Moreover, the anthracycline antibiotics inhibit telomerase activities
through the stabilizing of G-quadruplex structure sequences. It is
alsowell accepted that human cancer cells achieve immortalization
in large part through the illegitimate activation of telomerase
expression [11,12]. Therefore, agents that suppress hTERT expres-
sion might further develop potential telomerase and poly-
pharmacological targeting strategy.

Based on our previous studies, some of the 1,2-heteroannelated
substitution on the anthraquinone and anthra[1,2-d]imidazole-
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6,11-dione scaffold homologs might be interesting for cytotoxicity
toward cancer cells or cancer polypharmacology [13]. Previous
SARs studies have also shown that both anthraquinone-based
compounds and bis-benzimidazole derivatives (Hoechst 33258)
are known telomerase inhibitors or G-quadruplex stabilizers [14e
16]. In the past, we also reported several results concerning the
discovery of new classes of anthraquinone-linked heterocyclic
derivatives [13,17e22]. Herein, we continue our efforts to develop
an efficient synthetic procedure for the preparation of a novel series
of N-substituent derivatives in the vacant 2-position of imidazole
ring of anthra[1,2-d]imidazole-6,11-diones. In the series of
designed analogs, we maintained benzimidazole as the central
structure moiety since it was considered as the primary pharma-
cophore for potential telomerase inhibitory activity. Lead optimi-
zation were then focused on varying of other substituent moiety at
the 2-position of the imidazole skeleton, by adding electron-
withdrawing or electron-releasing substituents. These
compounds were evaluated for cytotoxicity by MTT assay or sul-
forhodamine B assay (SRB assay) on non-small lung cancer cell,
H1299, prostate cancer cells PC-3 [23e26], as well as telomerase
inhibition using TRAP assay [27,28] and SEAP assay [29,30]. Finally,
the interplay between the cytotoxicity, hTERT repressing activities
and the drug explains the SARs of derivatives and the molecular
basis of drug-induced activities.

2. Chemistry

There has been continuing interest in the synthesis of anthra
[1,2-d]imidazole-6,11-dione derivatives and their systematic
dissection largely on account of their biological activities [13]. The

method for constructing the core structure of the compounds is
outlined in Scheme 2. The synthesis commences starting from 1,2-
diaminoanthraquinone, the cyclization with chloroacetyl chloride
formed compound 1. The preparation of compounds 2e33 involved
direct amination using various amines and TEA/DIPEA in THF to
obtain our desired derivatives. As shown in Scheme 2, compound
34was prepared by amination between 1,2-diaminoanthraquinone
and 3-chloropropionyl chloride in the presence of pyridine. The
resulting compounds were further cyclization converted to
compound 35 that has a terminal chloroethyl group attached to the
imidazole-fused ring. Treating compound 35 with various amines
in DIPEA/THF gave the desired compounds 36e40 through nucle-
ophilic substitution of the chlorine atom by appropriately
substituted piperazine. The 13C NMR data showed that the signal
for carbonyl group on the core structure of anthraquinone was at
the range d 182e185 ppmwhereas the signal of imidazole ring was
at d 154e161 ppm, respectively. Besides, all the final products were
monitored by TLC; the quantities of the byproducts were separated
from their physical chemistry properties and purification by
tedious recrystallization and chromatography. All of the structural
compounds were determined by 1H NMR, 13C NMR and high
resolution mass (HRMS) spectra and the results are presented in
the experimental part.

3. In vitro anti-proliferative activities

As reported in previous sections, all of the newly synthesized
compounds were evaluated for their effects on cell viability in
H1299 cell (Table 1). We found that most of the tested compounds
showed cytotoxicity toward H1299 cells at micromolar ranges.

Scheme 1. Design of new compounds through hybridization of bioactive chromophoric anthraquinones (anthracycline antibiotic anticancer agents) and benzimidazole.
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